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(54) Compact stage of low mass with device for fine positioning in six degrees ol freedom for 
microlithography 



(57) Low-mass and compact stage devices are dis- 
closed that exhibit, compared to conventional stage de- 
vices, reduced magnetic field fluctuations. An embodi- 
ment of such a stage device includes an X-Y coarse- 
movement stage portion that is drivable in the X-Y di- 
rections using respective air cylinders. A fine-movement 
stage portion is mounted on the X-Y coarse-movement 



stage portion. The fine-movement stage portion is driv- 
able in any of the six degrees of freedom of motion (i. 
e., X, Y, Z, 9 X , G Y: and G z motions) relative to the coarse- 
movement stage portion. Such fine movements are 
achieved using six piezo actuators. In a stage device 
configured for use in a microlithography apparatus, a 
wafer table or reticle table can be mounted on the fine- 
movement table. 
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Description 
Field 

[0001] This disclosure pertains generally to micro- 
lithography (transfer-exposure of a pattern, defined on 
a reticle or mask (generally termed a "reticle" herein), to 
a "sensitive" substrate. Microlithography is a key tech- 
nology used in the manufacture of microelectronic de- 
vices such as integrated circuits, displays, microma- 
chines, and the like. More specifically, the disclosure 
pertains to stage devices as used in microlithography 
systems for accurate movement and positioning of the 
reticle and/or substrate (e.g., semiconductor wafer) dur- 
ing and in preparation for exposure. Even more specif- 
ically, the disclosure pertains to stage devices that are 
compact, lightweight, and produce no significant elec- 
tric-field disturbance, and to microlithography systems 
comprising such stage devices. 

Background 

[0002] Currently, so-called "H-type" and "l-type" X-Y 
stage devices represent the principal configurations of 
stage devices as used in optical microlithography sys- 
tems. In each of these types of stage devices, a "moving 
guide" extends between two "fixed" guides that extend 
parallel to each other in a first drive direction (e.g., X- 
direction). Each end of the moving guide is attached to 
respective slider that moves, in coordination with the 
other slider, along the respective fixed guide in the first 
drive direction. A "self-advancing stage" is mounted to 
a slider that moves along the moving guide in a second 
drive direction (e.g., Y-direction). The respective names 
of these stage devices are derived from the overall H- 
or l-shaped configurations, respectively, of the fixed and 
moving guides. Typically, the H-type stage device is 
used whenever stage movements in both the X-direc- 
tion and Y-direction are "long-stroke" motions, and the 
l-type stage device is used whenever stage movements 
are "long stroke" in only one of the X- and Y-directions 
and "short stroke" in the other direction. 
[0003] Recently, linear motors have made their debut 
as stage-movers in H-type and l-type stage devices. At 
least one respective linear motor is provided for each of 
the X-axis and Y-axis movements of the stage. Use of 
linear motors has allowed the stage devices to have rel- 
atively simple, compact, and low-mass construction, 
with efficient operation. 

[0004] If H-type and l-type stage devices as summa- 
rized above were to be used in certain conventional 
charged-particle-beam (CPB) microlithography appara- 
tus as reticle stages and/or substrate (wafer) stages, 
certain problems would arise, as follows. In such stage 
devices both the "actuator"' (moving portion) and "stator" 
(stationary portion) of the linear motor of the self-ad- 
vancing stage move relative to the stators of the linear 
^ motors associated with the fixed guides. Unfortunately, 



despite the advantages (summarized in the preceding 
paragraph) of stage devices having such configurations, 
the stage devices exhibit magnetic-field fluctuations that 
degrade exposure accuracy. Magnetically shielding the 
5 linear motors is a conceivable countemneasure for these 
field fluctuations, but such a countermeasure tends to 
be excessively complex. 

[0005] An alternative configuration of a stage device 
is a so-called "cross-shaped" stage device, in which two 
10 respective parallel fixed guides are provided in the X- 
direction and in the Y-direction. Between the fixed 
guides are respective moving guides that intersect with 
each other in a cross configuration. The moving guides 
are mutually slidable relative to the fixed guides, and a 
15 stage is mounted to the intersection of the moving 
guides. In this configuration (as in the H- and l-type con- 
figurations summarized above) each linear motor com- 
prises an array of permanent magnets (typically consti- 
tuting the "stator") and an "armature" coil (typically con- 
20 stituting the "actuator"). If the permanent magnets 
(which generate magnetic fields exhibiting relatively 
large fluctuations during operation) are secured to a sta- 
tionary base and used as stators for both X-direction and 
Y-direction motion, and the armature coils (which gen- 
25 erate magnetic fields exhibiting relatively small fluctua- 
tions during operation) are used as actuators, then mag- 
netic-field fluctuations during exposure can be reduced 
somewhat compared to a converse configuration of sta- 
tors and actuators. However, in the center of the cross- 
30 shaped stage configuration, the H-type or l-type stage 
configuration nevertheless is present, resulting in a very 
large stage device overall, which is impractical. 
[0006] Another alternative stage configuration utilizes 
a linear motor exhibiting two degrees of freedom of mo- 
ss tion. In such a linear motor the actuator can move in two 
directions (typically the X-direction and Y-direction) rel- 
ative to stators arranged widely in a plane. However, this 
type of linear motor has a special configuration and is 
expensive. 

40 [0007] Disclosed in U.S. Patent No. 5,760,564 is a 
stage device that uses air bearings and vacuum pads 
to provide pressurization (pre-load) sufficient to impart 
a limited range of motion of a movable table in the Z- 
direction. The vacuum pads and airbearings are mount- 

45 ed to a base. With this device, the mass of the movable 
table is borne on the base. Also, the pressurization 
mechanism is simple, which allows the device to have 
relatively low mass overall. However, in a vacuum, no 
pre-load is applied. If it is desired to increase the rigidity 

50 of the stage, many air bearings must be used, resulting 
in excessive complexity of the stage device. Although it 
is conceivable for pressurization to be provided by mag- 
netic-attraction force instead of a vacuum, such an ap- 
proach is not suitable for use in a CPB microlithography 

55 apparatus in which magnetic-field fluctuations should be 
maximally suppressed. 
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Summary 

[0008] In view of the shortcomings of conventional 
stage devices as summarized above, the present inven- 
tion provides, inter alia, stage devices that exhibit, rela- 
tive to conventional stage devices, lower magnetic-field 
fluctuations while retaining compactness and low over- 
all mass. 

[0009] According to a first aspect of the invention, 
stage devices are provided for holding and moving an 
object in a space defined by an X-direction, a Y-direc- 
tion, and a Z-direction that are mutually perpendicular 
to each other. An embodiment of such a stage device 
comprises an X-Y coarse-movement stage portion com- 
prising a moving member and respective coarse-move- 
ment actuators situated and configured to move the 
moving member in an X-Y plane defined by the X-direc- 
tion and the Y-direction. The stage device also compris- 
es a fine-movement stage portion including a fine-move- 
ment table and a fine-movement actuator system cou- 
pled to the fine-movement table. The fine-movement ta- 
ble is mounted on the moving member of the X-Y 
coarse-movement stage portion. The fine-movement 
actuator system is configured to move the fine-move- 
ment table relative to the X-Y coarse-movement stage 
portion in any of six degrees of freedom of motion in- 
cluding motion in the X-direction, the Y-direction, the Z- 
direction, an angle G x about an X-direction axis, an an- 
gle G Y about a Y-direction axis, and an angle e z about a 
Z-direction axis. By using the X-Y coarse-movement 
stage portion for performing relatively "coarse" position- 
ing control and using the fine-movement stage portion 
for performing relatively "fine" positioning of the stage, 
more accurate and higher-velocity positioning of an ob- 
ject (e.g., reticle or substrate) held on the stage is pos- 
sible. 

[001 0] The coarse-movement actuators can be of any 
of various types. For example, the coarse-movement 
actuators can be respective air cylinders, respective ul- 
trasonic actuators, or linear motors, wherein air cylin- 
ders and ultrasonic actuators are especially desirable 
for use of the stage device in CPB microlithography sys- 
tems because these actuators do not generate any sig- 
nificant magnetic fields or magnetic-field fluctuations. 
[001 1] The fine-movement actuator system can com- 
prise multiple piezo-electric actuators. For example, the 
fine-movement table can be supported relative to the 
moving member of the X-Y coarse-movement stage 
portion by such piezo-electric actuators. In this config- 
uration, the fine-movement table desirably has three 
comers each supported by a respective pair of piezo- 
electric actuators extending from the respective corner 
to the moving member of the coarse-movement stage 
portion. One of the respective piezo-electric actuators 
on each corner desirably is parallel to one of the respec- 
tive piezo-electric actuators on another of the corners. 
[001 2] The fine-movement table can be supported rel- 
ative to the moving member of the X-Y coarse-move- 



ment stage portion by a fine-movement actuator system 
that comprises a parallel-linkage mechanism. A parallel- 
linkage mechanism allows the fine-movement table to 
be driven with great stability at high velocity. In a partic- 
5 ularly advantageous configuration, the parallel-linkage 
mechanism comprises at least three pairs of fine-move- 
ment actuators extending from respective locations on 
the fine-movement table to the moving member of the 
X-Y coarse-movement stage portion . One of the respec- 
10 tive fine-movement actuators at each location desirably 
is parallel to one of the respective fine-movement actu- 
ators at another of the locations. Further desirably, the 
actuators are piezo-electric actuators. 
[001 3] In a particular embodiment of the stage device, 
15 the fine-movement table has first, second : and third cor- 
ners (e.g. : is triangular in profile), wherein the fine- 
movement table is supported at each corner relative to 
the moving member of the X-Y coarse-movement stage 
portion. Extending from each corner on the fine-move- 
20 ment table to the moving member of the coarse-move- 
ment stage portion are two respective fine-movement 
piezo-actuators. One of the respective fine-movement 
piezo-electric actuators at each comer is parallel to one 
of the respective fine-movement piezo-electric actua- 
ls tors at another of the corners. 

[0014] In another embodiment, the X-Y coarse-move- 
ment stage portion comprises two fixed guides extend- 
ing parallel to each other in a first direction within the 
X-Y plane. Each fixed guide has a respective first slider 
30 that is slidable relative to the fixed guide as guided by 
the respective fixed guide. A respective coarse-move- 
ment drive mechanism is associated with each of the 
first sliders and is configured to cause motion of the re- 
spective first slider relative to the respective fixed guide. 
35 A moving guide is attached to both first sliders and ex- 
tends in a second direction from one first slider to the 
other. A second slider (to which the fine-movement table 
is mounted) is slidable relative to the moving guide as 
guided by the moving guide. A coarse-movement drive 
40 mechanism is associated with the second slider and is 
configured to cause motion of the second slider relative 
to the moving guide. The coarse-movement drive mech- 
anisms associated with the first sliders can be respec- 
tive linear motors, and the coarse-movement drive 
45 mechanism associated with the second slider desirably 
is a non-electromagnetic actuator. Thus, actuation of the 
coarse-movement drive mechanism associated with the 
second slider does not generate any magnetic-field fluc- 
tuations. Furthermore, any magnetic-field fluctuations 
so generated by the coarse-movement drive mechanism 
associated with the first sliders are well-separated from 
an optical axis passing through the stage device. 
[0015] If the X-Y coarse-movement stage portion is 
an H-type stage configuration, then the first sliders can 
55 slide along their respective fixed guides in a direction 
parallel to a scan axis of the stage apparatus, and the 
second slider can slide along its moving guide in a di- 
rection parallel to a step axis of the stage apparatus. If 
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the X-Y coarse-movement stage portion is an l-type 
stage configuration, then the first sliders can slide along 
their respective fixed guides in a direction parallel to a 
step axis of the stage apparatus, and the second slider 
can slide along its moving guide in a direction parallel 
to a scan axis of the stage apparatus. 
[0016] The stage devices summarized above can be 
used for holding any of various items, and are especially 
suitable for holding a reticle or substrate as used in a 
CPB microlithography apparatus. 
[0017] According to another aspect of the invention, 
microlithography apparatus are provided. An embodi- 
ment of such an apparatus comprises a reticle stage, 
an illumination-optical system, a substrate stage, and a 
projection-optical system. The reticle stage is situated 
and configured to hold a pattern-defining reticle. The il- 
lumination-optical system is situated optically upstream 
of the reticle stage and is configured to direct an energy 
beam to a region of the reticle so as to illuminate the 
region. The substrate stage is situated optically down- 
stream of the reticle stage and is configured to hold a 
sensitive substrate to which the reticle pattern is to be 
transferred. The projection-optical system is situated 
between the reticle stage and the substrate stage and 
is configured to projection-expose the energy beam, 
which has passed through or reflected from the illumi- 
nated region on the reticle, onto a corresponding region 
on the sensitive substrate. At least one of the reticle 
stage and substrate stage is a stage device such as any 
of the stage devices summarized above. 
[0018] According to another aspect of the invention, 
CPB microlithography systems are provided that com- 
prise at least one stage device such as any of the stage 
devices summarized above. 

[0019] The foregoing and additional features and ad- 
vantages of the invention will be more readily apparent 
from the following detailed description, which proceeds 
with reference to the accompanying drawings. 

Brief Description of the Drawings 

[0020] 

FIG. 1 is an exploded oblique view of a stage device 
according to a first representative embodiment. 
FIG. 2 is an elevational section of an air cylinder as 
used in the X-Y coarse-movement stage of the 
stage-device embodiment of FIG. 1 . 
FIGS. 3(A)-3(D) are orthogonal views of the fine- 
movement table as used in the first representative 
embodiment of a stage device. FIG. 3(A) is a "front" 
elevational view, FIG. 3(B) is a plan view, FIG. 3(C) 
is a "rear" elevational view, and FIG. 3(D) is a "side" 
elevational view. 

FIG. 4 is an elevational schematic diagram of a 
charged-particle-beam (specifically, electron- 
beam) microlithography apparatus including at 
least one stage device according to an embodi- 



ment. 

FIG. 5 is a perspective view of the X-Y coarse- 
movement stage portion of a stage device accord- 
ing to the second representative embodiment. 
5 FIG. 6 is an oblique view of the fine-movement table 

(having six degrees of freedom of motion) as used 
in the third representative embodiment of a stage 
device. 

FIG. 7 is an oblique view of the X-Y coarse-move- 
10 ment stage portion of a stage device according to 

the fourth representative embodiment. 

FIG . 8 is a transverse section of a linear motor used 

in the embodiment shown in FIG. 7. 

FIG. 9 is a block diagram of an exemplary velocity- 
's control system for any of various embodiments of 

the stage device. 

FIG. 1 0 is a plan view of the X-Y coarse-movement 
stage portion of a stage device according to the fifth 
representative embodiment. 

20 FIG. 1 1 is a flowchart of steps in a process for man- 
ufacturing a microelectronic device such as a sem- 
iconductor chip (e.g., integrated circuit or LSI), liq- 
uid-crystal panel, CCD, thin-film magnetic head, or 
micromachine, the process including performing 

25 microlithography using a microlithography appara- 

tus as described herein. 

Detailed Description 

30 [0021 ] The invention is described below in the context 
of representative embodiments that are not intended to 
be limiting in any way. Also, the various embodiments 
are described in the context of an electron-beam micro- 
lithography system as a representative charged-parti- 

35 cle-beam microlithography system. It will be understood 
that the principles described below are applicable with 
equal facility to microlithography systems utilizing an al- 
ternative type of charged particle beam, such as an ion 
beam, and to microlithography systems utilizing another 

40 type of energy beam, such as a VUV beam, X-ray beam , 
or EUV beam. The following also will be understood: (1 ) 
The stage devices described below can be used in gen- 
eral for positioning of an object in any of various envi- 
ronments, including a vacuum environment and/or in an 

45 environment in which suppression of fluctuating mag- 
netic fields is important. (2) The reticle or mask (gener- 
ally termed "reticle" herein) referred to herein can be a 
refractive or reflective reticle. (3) The optical systems 
referred to herein can be refractive or reflective, or a 

50 combination of refractive and reflective. 

Representative Embodiment of Microlithography 
System 

55 [0022] Turning first to FIG. 4, a representative embod- 
iment of an electron-beam microlithography system 1 00 
is shown schematically. The system 100 comprises a 
stage device according to, for example, any of the stage- 



4 



BNSCOCID: <EP 1262835A2_I_> 



7 



EP 1 262 835 A2 



8 



device embodiments described below. The system 100 
also comprises a first ("upper) optical column 1 01 con- 
figured as a vacuum chamber in this embodiment. The 
atmosphere inside the upper optical column 101 is evac- 
uated to a suitable vacuum level using a vacuum pump 
1 02 connected to the upper optical column 101. 
[0023] An electron gun 1 03 is situated at the extreme 
upstream (topmost in the figure) portion of the upper op- 
tical column 101, and emits an electron beam ("illumi- 
nation beam 11 IB) in a downstream direction (downward 
in the figure). Downstream of the electron gun 103 are 
an illumination-optical system 104 and a reticle M. The 
illumination-optical system 104 comprises a condenser 
lens 104a, a deflector 104b, and other components as 
required to cause the illumination beam IB to irradiate a 
desired region on the reticle M. 

[0024] The illumination beam IB emitted from the 
electron gun 103 is condensed by the condenser lens 
104a for illuminating the reticle M. The deflector 104b 
deflects the illumination beam IB in one or more lateral 
directions on the reticle M within the optical field of the 
illumination-optical system. For example, a reticle M as 
used for CPB microlithography typically is divided into 
multiple exposure units (usually configured as "sub- 
fields") that are illuminated by the illumination beam IB 
in a sequential manner. The exposure units are arrayed 
in rectilinear columns and rows, wherein each row typ- 
ically has a length substantially equal to the optical field 
of the illumination-optical system 104. In FIG. 4, the il- 
lumination-optical system 1 04 is depicted as having only 
a single optical unit (i.e., the condenser lens 104a). An 
actual illumination-optical system typically has multiple 
optical units, i.e., lenses and/or mirrors, beam-shaping 
apertures, deflectors, and the like. 
[0025] The reticle M is secured by electrostatic attrac- 
tion, vacuum suction, or other suitable means (depend- 
ing upon the reticle environment) to a reticle chuck 110 
mounted on an upstream-facing surface of a reticle 
stage 111. The reticle stage 111, in turn, is mounted on 
a base 116. 

[0026] The reticle stage 1 1 1 is actuated for movement 
in at least the X- and Y-directions by a reticle-stage driv- 
er 112 operably connected to the reticle stage 111 . Al- 
though the reticle-stage driver 1 1 2 is depicted on the left 
side in the figure, it typically is incorporated into the ac- 
tual mechanism of the reticle stage 1 1 1 as shown in FIG. 
1 and described in detail later below. The reticle-stage 
driver 112 is connected to a controller 115 via a drive 
interface 114. In addition, a laser interferometer (IF) 113 
is situated relative to the reticle stage 111 (on the right 
side of the reticle stage 1 1 1 in the figure). The laser inter- 
ferometer 113 is connected to the controller 115 and 
serves to obtain accurate data concerning the position 
of the reticle stage 111 in the X- and Y-directions. The 
positional data obtained by the laser interferometer 113 
is routed to the controller 115. To position the reticle 
stage 111 at a target position, a respective command is 
transmitted from the controller 1 1 5 to the drive interface 



114. The drive interface 114, in response to the com- 
mand, appropriately energizes the driver 112 to move 
the stage 111 to the corresponding position. The com- 
ponents 111-115functioning in this manner achieve ac- 
5 curate, real-time feedback control of the position of the 
reticle stage 111. 

[0027] A second ("lower") optical column 121 is situ- 
ated downstream of the base 11 6. The lower optical col- 
umn is configured as a vacuum chamber in this embod- 
10 iment and also serves as a "wafer chamber." The atmos- 
phere inside the lower optical column 121 is evacuated 
to a suitable vacuum level using a vacuum pump 122 
connected to the lower optical column 121 . Situated in- 
side the lower optical column are a wafer W and a "pro- 
fs jection-optical system" 124 including a condenser lens 
(projection lens) 124a and a deflector 124b. 
[0028] The electron beam passing through the reticle 
M is condensed by the condenser lens 1 24a and deflect- 
ed as required by the deflector 124b to form a resolved 
20 image at a prescribed location on the wafer W of the 
illuminated region on the reticle M. Although, in the fig- 
ure, the projection-optical system 124 is depicted as 
having only one optical unit (i.e., the condenser lens 
124a), the projection-optical system 124 actually in- 
25 eludes multiple optical units. The optical units can com- 
prise lenses or mirrors only (or lenses and mirrors), 
coils, deflectors, and the like as required for proper im- 
age formation and for aberration correction. 
[0029] The wafer W is held by electrostatic attraction, 
30 vacuum suction, or other suitable means (depending 
upon the wafer environment) to a wafer chuck 130 
mounted on an upstream-facing surface of a wafer 
stage 131 . The wafer stage 131 , in turn, is mounted on 
abase 136. 

35 [0030] The wafer stage 1 31 is actuated for movement 
in at least the X- and Y-directions by a wafer-stage driver 
132 operably connected to the wafer stage 131. Al- 
though the wafer-stage driver 132 is depicted on the left 
side in the figure, it typically is incorporated into the ac- 

40 tual mechanism of the wafer stage 131 in a manner sim- 
ilar to that of the reticle stage 111. The wafer-stage driver 
132 is connected to the controller 115 via a drive inter- 
face 134. in addition, a laser interferometer (IF) 133 is 
situated relative to the wafer stage 1 31 (on the right side 

45 of the wafer stage 131 in the figure). The laser interfer- 
ometer 133 is connected to the controller 115 and 
serves to obtain accurate data concerning the position 
of the wafer stage 131 in the X- and Y-directions. The 
positional data obtained by the laser interferometer 1 33 

so is routed to the controller 115. To position the wafer 
stage 131 at a target position, a respective command is 
transmitted from the controller 1 1 5 to the drive interface 
134. The drive interface 134, in response to the com- 
mand, appropriately energizes the driver 132 to move 

55 the wafer stage 1 31 to the corresponding position. The 
components 1 31 -1 34 and 1 1 5 fu nctioning in this manner 
achieve accurate, real-time, feedback control of the po- 
sition of the wafer stage 131 . 
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First Representative Embodiment of Stage Device 

[0031 ] A stage device 1 according to a first represent- 
ative embodiment is depicted in FIG. 1 , in which the sub- 
ject stage device 1 is mounted on the base 136, as dis- 
cussed above in connection with FIG. 4. (I.e., the stage 
device 1 in FIG. 1 is the wafer stage 131 in the system 
shown in FIG. 4.) The base 136 extends in the X-Y 
plane. The stage device 1 comprises an X-Y coarse- 
movement stage 2 mounted on an upstream-facing sur- 
face of the base 136. Mounted to the coarse-movement 
stage 2 is a fine-movement stage 30 capable of exhib- 
iting six degrees of freedom of motion relative to the 
coarse-movement stage 2 (i.e., X, Y, Z, G x , G Y , and 9 2 
motions. Mounted to the fine-adjustment stage 30 is a 
wafer table 60 configured for holding the wafer W. 
[0032] Two fixed guides 6, extending parallel to each 
other in the Y-direction, are secured at respective loca- 
tions on the upstream-facing surface of the base 136 by 
respective guide-mounting members 5. Each of these 
two fixed guides 6 and their peripheral members are 
configured in basically the same way. A respective hol- 
low-box-shaped Y-slider 7 is engaged with each fixed 
guide 6 in a manner allowing the Y-sliders 7 to slide 
along their respective fixed guides 6 in the Y-direction. 
Such sliding is achieved with substantially zero friction 
by means of respective air bearings (including air pads 
51 ; see FIG. 2). Each Y-slider in association with its re- 
spective fixed guide 6 defines a respective air cylinder 
1 6 (discussed below with reference to FIG. 2), which ac- 
tuate the Y-sliders 7 to move in the Y-direction relative 
to their respective fixed guides 6. 
[0033] Connected to each of the Y-sliders is a respec- 
tive air conduit 8 that supplies air from a compressed 
source to the air pads in the respective Y-slider 7. As 
discussed below in detail with reference to FIG. 2, the 
air thus supplied to the air pads of the Y-sliders 7 is ex- 
hausted from the respective air bearings via respective 
recovery and exhaust conduits provided within the re- 
spective fixed guides 6. Situated at each end of each 
fixed guide 6 is a respective air-control valve 27 that con- 
trols the pressure of air within respective air chambers 
of the air cylinder associated with the respective fixed 
guide 6 and Y-slider (see FIG. 2). In this embodiment, 
each air-control valve 27 is a servo valve driven by a 
respective VCM (voice-coil motor). Desirably, the air- 
control valves 27 are arranged in the vicinity of the re- 
spective aircylinders 1 6 to reduce delays of air-pressure 
propagation from the air-control valves to the air cylin- 
ders. 

[0034] A moving guide 21 is attached to and extends 
in the X-direction between the Y-sliders 7. A hollow-box- 
shaped X-slider 25 is engaged with the moving guide 
21 in a manner allowing the X-slider 25 to slide along 
the moving guide 21 in the X-direction. Such sliding is 
achieved with substantially zero friction by means of air 
bearings (including airpads 51 ; see FIG. 2). The X-slider 
in association with its moving guide 21 defines a respec- 



tive air cylinder 28 (discussed below with reference to 
FIG. 2), which actuates the X-slider 25 to move in the 
X-direction relative to the moving guide 21 . Note that the 
basic configuration of the air cylinder 28 is the same as 
5 the configuration of the air cylinder 1 6 shown in detail in 
FIG. 2. 

[0035] Connected to the X-slider 25 is an air conduit 
8 that supplies air from a compressed source to the air 
pads in the X-slider 25. As discussed below, with refer- 
to ence to FIG. 2, the air thus supplied to the air pads of 
the X-slider 25 is exhausted from the respective air bear- 
ings via respective recovery and exhaust conduits pro- 
vided within the moving guide 21 . 
[0036] Situated at each end of the moving guide 21 is 
15 a respective air-control valve 27 that controls the pres- 
sure of air within each air chamber of the air cylinder 28 
associated with the moving guide 21 and X-slider (see 
FIG. 2). In this embodiment the air-control valves 27 
are servo valves driven by a VCM (voice-coil motor). De- 
20 sirably, the air-control valves 27 are arranged in the vi- 
cinity of the respective aircylinders so as to reduce de- 
lays of air-pressure propagation from the air-control 
valves to the air cylinders. 

[0037] Respective flanges 26 extend outward in the 
25 Y-direction from the longitudinal "lower" edges of the X- 
slider25. Each flange 26 defines respective screw holes 
26a substantially at the center of the flange 26, by which 
holes the fine-movement stage 30 is secured to the 
flanges 26. Specifically, the fine-movement stage 30 in- 
30 eludes leg pads 31, 32 that bolt onto the respective 
flanges 26 by screws (not shown) threaded into the 
screw holes 26a from respective through-holes 31 a, 32a 
in the leg pads 31 , 32. 

[0038] Associated with the first leg pad 31 are two pi- 
35 ezo-actuators 41 , 42 that collectively have a A-shaped 
profile. The pi ezo-actuators 41 , 42 provide Z-direction 
support (and movement) of the fine-movement stage 30 
relative to the first leg pad 31 . Two parallel piezo-actu- 
ators 43, 44 provide Z-direction support (and move- 
40 ment) of the fine-movement stage 30 relative to the sec- 
ond leg pad 32. Also attached to and extending in the 
Z-direction from the second leg pad 32 is an actuator 
support 33. From an "upper" end of the actuator support 

33 extend two pi ezo-actuators 45, 46 that collectively 
45 extend in a 'V manner in the X-Y plane to a plate.(fine- 

movement table) 34 that desirably is triangular in profile. 
The distal ends of the piezo-actuators 45, 46 are con- 
nected to respective corners (vertices) of the fine-move- 
ment table 34. The fine-movement table 34 also is con- 

50 nected to the distal ends of the piezo-actuators 41 , 42, 
43, 44. The fine-movement table 34 defines three voids 
34a, 34b, 34c (see FIG. 3) that reduce the mass of the 
fine-movement table 34. The fine-movement table 34 al- 
so defines respective screw holes 35a, 35b, 35c at each 

55 vertex of the fine-movement table 34 that are used for 
mounting the wafer table 60 to the fine-movement table 

34 (using screws, not shown, extending through respec- 
tive holes 61a, 61b, 61c defined in the wafer table 60). 
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[0039] An electrostatic wafer chuck 130 (see FIG. 4), 
attached centrally on the upstream-facing surface of the 
wafer table 60, secures the wafer W to the wafer table 
60. Also situated on the upstream-facing surface of the 
wafer table 60, flanking the wafer chuck 130 : are mark 
plates 66. The mark plates 66 define respective marks 
used for determining the position of the wafer table 60 
in the X- and Y-directions. The mark plates 66 are 
mounted at two locations at the side of the wafer W on 
the wafer table 60. Respective moving mirrors 67a, 67b 
are mounted along two orthogonal edges of the wafer 
table 60. The respective outwardly facing side surfaces 
of the moving mirrors 67a, 67b are polished to high-ac- 
curacy planarity and they are used as the reflective sur- 
faces for the laser interferometer 133 (FIG. 4). 
[0040] A typical air cylinder (represented by the air 
cylinder 1 6) is configured as shown in FIG. 2. FIG. 2 also 
depicts relevant portions of the fixed guide 6 and Y-slider 
7 of the stage device shown in FIG. 1. As shown, the 
hollow-box-shaped Y-slider 7 is engaged with the fixed 
guide 6. The fixed guide 6 and Y-slider 7 collectively de- 
fine the air cylinder 1 6, by which the Y-slider is urged to 
move in the Y-direction relative to the fixed guide 6. 
[0041] The respective interior surfaces of both ends 
of the Y-slider 7 serve as respective "sliding" surfaces 
with respect to the fixed guide 6, although the interior 
surfaces do not actually contact the surface of the fixed 
guide 6. This avoidance of contact is achieved by re- 
spective air bearings each comprising a respective air 
pad 51 situated in a respective recess defined in the in- 
terior surface^ In FIG. 2 respective air pads 51 are at- 
tached to the "top" and "bottom" sliding surfaces in the 
vicinity of both ends of the Y-slider 7. Although not visible 
in the view shown in FIG. 2, respective air pads 51 also 
are attached to both "side" surfaces in the vicinity of both 
ends of the Y-slider. Air is supplied to the air pads 51 
from the conduit 8. Associated with each air bearing are 
respective "guard rings" including two atmospheric- 
venting guard rings 52, a low-vacuum-exhaust guard 
ring 53, and a high-vacuum-exhaust guard ring 55. At 
each air bearing, the respective guard rings encircle the 
fixed guide 6 parallel to each other. Thus, the respective 
guard rings serve all the air pads 51 of the respective 
air bearing. Note that the air pads 51 of each air bearing 
are flanked by the two atmospheric-venting guard rings 
52. Respective conduits (not shown) defined in the Y- 
slider 7 conduct air from the guard rings 52, 53, 55. 
[0042] Referring further to FIG. 2, the fixed guide 6 
defines partition plates 6e, 6f (the partition plates 6e, 6f 
actually are respective parts of a flange extending 
around the fixed guide 6). The partition plates 6e, 6f are 
situated substantially at the center of the fixed guide 6. 
Thus, with the Y-slider 7 in position relative to the fixed 
guide 6 as shown, a central cavity of the Y-slider 7 is 
divided by the partition plates 6e, 6f into opposing air 
chambers 7a, 7b. Conduits 6a extending through the 
fixed guide 6 supply air selectively to the air chambers 
7a, 7b. Flow of air through the conduits 6a, and thus into 



the air chambers 7a } 7b is controlled by selective actu- 
ation of the air-control valves 27 that connect respective 
conduits 9 to the respective conduits 6a. Thus, the air- 
control valves 27 control the air-pressure differential in 

5 the air chambers 7a, 7b and hence movement of the Y- 
slider 7 in the Y-direction relative to the fixed guide 6. E. 
g., a higher pressure in the air chamber 7a than in the 
air chamber 7b causes leftward movement (in the figure) 
of the Y-slider 7 on the fixed guide 6. 

10 [0043] The fine-movement stage 30 is detailed in 
FIGS. 3(A)-3(D). Turning first to FIG. 3(B), the fine- 
movement stage 30 comprises the fine-movement table 
34 that, in this embodiment, has a nearly isosceles -tri- 
angle profile. Connected to each vertex of the fine- 

15 movement table 34 are first ends of a respective pair of 
piezo-actuators 41 and 42, 43 and 46, and 44 and 45 
that provide support for the respective vertex. The sec- 
ond ends of the piezo-actuators 41 , 42 are connected 
to the leg pad 31 , and the second ends of the piezo- 

20 actuators 43 and 44 are connected to the leg pad 32 
(see below). Thus, each vertex of the fine-movement ta- 
ble 34 is supported in the Z-direction relative to the base 
136 (FIG. 1). 

[0044] Turning now to FIG 3(A), details are shown of 

25 the vertex to which the piezo-actuators 41 , 42 are con- 
nected. The piezo-actuators 41, 42 extend diagonally 
from the leg pad 31 to the vertex collectively in a "A" 
manner in the Z-X plane. The respective first ends of the 
piezo-actuators 41 , 42 are rotatably connected by re- 

30 spective pins (not shown) to the vertex of the fine-move- 
ment table 34. The respective second ends of the piezo- 
actuators 41 , 42 are rotatably connected by respective 
pins (not shown) to the leg pad 31 . 
[0045] An L-shaped sensor arm 36 extends in the Z-X 

35 direction from the leg pad 31 toward the fine-movement 
table 34. Provided on the distal end of the sensor arm 
36 is a first capacitance-type position-sensor 36a. The 
first position-sensor 36a is separated from a respective 
sensor pad (not shown, but situated on the "underside" 

40 of the fine-movement table 34) by a slight gap. Also pro- 
vided on the distal end of the sensor arm 36 is a second 
capacitance-type position-sensor 36b that is oriented 
orthogonally relative to the first position-sensor 36a. The 
second position-sensor 36b is separated from a respec- 

45 tive sensor pad (not shown, but extending from the "un- 
der" surface of the fine-movement table 34) by a slight 

gap- 

[0046] Turning now to FIG. 3(C), details are shown of 
the vertices to which the respective piezo-actuators 43, 

so 46 and 44, 45 are connected. As noted above, the piezo- 
actuators 43, 44 extend parallel to each other in the Z- 
direction from respective vertices of the fine-movement 
table 34 to the leg pad 32. The respective first ends of 
the piezo-actuators 43, 44 are rotatably connected by 

55 respective pins (not shown) to the respective vertices of 
the fine-movement table 34. The respective second 
ends of the piezo-actuators 43, 44 are rotatably con- 
nected by respective pins (not shown) to respective 
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ends of the leg pad 32. As understood from FIGS. 3(B) 
and 3(C), actuator supports 33 extend from the leg pad 
32 in the Z-direction toward respective vertices of the 
fine-movement table 34. Piezo -actuators 45, 46 extend 
(in the X-Y plane, collectively in a "A"-shaped manner) 
from respective vertices of the fine-movement table 34 
to respective actuator supports 33. The respective first 
ends of the piezo-actuators 45, 46 are rotatably con- 
nected by respective pins (not shown) to the respective 
vertex of the fine-movement table 34. The respective 
second ends of the piezo-actuators 45, 46 are rotatably 
connected by respective pins (not shown) to the respec- 
tive actuator support 33. 

[0047] As shown in detail in FIGS. 3(B) and 3(D), a 
sensor arm 37 extends in the Z-direction from the leg 
pad 32 toward the fine-movement table 34. Provided on 
the distal end of the sensor arm 37 are first, second, 
third, and fourth capacitance-type position-sensors 37a, 
37b, 37c, 37d, respectively. Each position-sensor 37a- 
37d is separated from a respective sensor pad (not 
shown, but attached to the "under" surface of the fine- 
movement table 34) by a slight gap. 
[0048] The position-sensors 36a, 37a, and 37d are 
used for measuring the position of the fine-movement 
table 34 in the Z-direction, the 6 x -direction, and the G Y - 
direction, respectively. The position-sensors 36b and 
37c are used for measuring the position of the fine- 
movement table 34 in the X-direction and 6 z -direction, 
respectively. The position-sensor 37b is used for meas- 
uring the position of the fine-movement table 34 in the 
Y-direction. Thus, position sensing is achieved for all six 
degrees of freedom of motion of the fine-movement 
stage 30. 

[0049] Individual electrical actuation of the piezo-ac- 
tuators 41-46 causes the respective piezo-actuator(s) 
41-46 to lengthen or shorten. For example, by length- 
ening or shortening each of the piezo-actuators 41-44 
by the same amount, the fine-movement table 34 is 
moved in the Z-direction relative to the base 136. The 
fine-movement table 34 is moved in the Y-direction by 
keeping all the piezo-actuators 41 , 42, 43, 44 substan- 
tially fixed in length while lengthening or shortening the 
piezo-actuators 45 and 46. The fine-movement table 34 
is moved in the X-direction by keeping the piezo-actua- 
tors 43, 44 substantially fixed in length while lengthening 
or shortening the piezo-actuators 41 , 42, 45, and 46. 
[0050] Desirably, to achieve a desired independent 
motion of the fine-movement table 34, each of the six 
piezo-actuators 41-46 is actuated independently as re- 
quired. For example, the fine-movement table 34 can 
be driven in the 9 x -direction by keeping all the piezo- 
actuators 43, 44 : 45, 46 substantially fixed in length 
while lengthening or shortening the piezo-actuators 41 
and 42. The fine-movement table 34 can be driven in a 
positive 9 Y -direction by shortening the piezo-actuators 
41 , 44 and lengthening the piezo-actuators 42, 43. The 
fine-movement table 34 can be driven in the fi z -direction 
by keeping the piezo-actuators 43, 44 substantially fixed 



in length while lengthening or shortening the piezo-ac- 
tuators 41 , 42, 45, 46 as required. 
[0051] Thus, as described above, the fine-movement 
table 34 can be moved with six degrees of freedom (X, 

5 Y, Z, G x , e Y , ar, d e z) by selectively lengthening and short- 
ening the piezo-actuators 41 -46 in an independent man- 
ner as required. Also, in the stage device 1 of this em- 
bodiment, by moving the coarse-movement stage 2 in 
the X-and Y-directions using the air cylinders 1 6, 28, the 

10 fine-movement stage 30 (mounted to the coarse-move- 
ment table 2) is positionable in the X- and Y-directions 
without generating any significant magnetic-field fluctu- 
ation. In addition, the wafer W can be positioned accu- 
rately by driving the fine-movement stage 30, mounted 

15 to the coarse-movement stage 2, in any of the six de- 
grees of freedom collectively provided by the piezo-ac- 
tuators 41-46 (constituting an exemplary fine-move- 
ment actuator system). Also, in the stage device 1 of 
this embodiment, by providing position sensors adja- 

20 cent the fine-movement table 34, the response time is 
reduced substantially, allowing any non-linear charac- 
teristics of the piezo-actuators to be corrected in real 
time. 

25 Second Representative Embodiment of Stage Device 

[0052] Certain components of a stage device accord- 
ing to this embodiment are depicted in FIG. 5, in which 
components similar to corresponding components of 

30 the first representative embodiment have the same re- 
spective reference numerals. In this embodiment, the 
X-Y coarse-movement stage 2' is configured such that 
all the actuators imparting X-direction and Y-direction 
motion are ultrasonic actuators. 

35 The X-Y coarse-movement stage 2' is mounted on a 
base 1 36 extending in the X-and Y-directions. As shown 
in FIG. 1 , a fine-movement stage 30 (having six degrees 
of freedom of motion) and a wafer table 60 are mounted 
on the X-Y coarse-movement stage 2'. 

40 [0053] Two fixed guides 6', each extending parallel to 
each other in the Y-direction, are secured at respective 
locations on the upstream-facing surface of the base 
136 by respective guide-mounting members 5. Each of 
these two fixed guides 6' and their peripheral members 

45 are configured in basically the same way. A respective 
hoiJow-box-shaped Y-slider T is engaged with each 
fixed guide 6' in a manner allowing the Y-sliders 7' to 
slide along their respective fixed guides 6' in the Y-di- 
rection. Such sliding is achieved with substantially zero 

50 friction by means of respective air bearings, as in the 
first representative embodiment. 

[0054] Each fixed guide 6' and its respective Y-slider 
7' comprises a respective ultrasonic actuator 16' by 
which the Y-sliders T are driven in the Y-direction. Wir- 
55 jng 8' for supplying electrical power to each ultrasonic 
actuator 1 6' enters the side of the respective Y-slider 7'. 
[0055] A moving guide 21 ' is attached to and extends 
in the X-direction between the Y-sliders T . A hollow-box- 
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shaped X-slider 25* is engaged with the moving guide 
2V in a manner allowing the X-slider 25' to slide along 
the moving guide 21' in the X-direction. Such sliding is 
achieved is achieved with substantially zero friction by 
means of air bearings, as in the first representative em- 
bodiment. The moving guide 2V and X-slider 25' com- 
prise an ultrasonic actuator 28' by which the X-slider 25' 
is driven in the X-direction. The basic configuration of 
the ultrasonic actuator 28' is the same as of the ultra- 
sonic actuator 1 6'. Wiring 8' for supplying electrical pow- 
er to the ultrasonic actuator 28' enters the side of the X- 
slider 25'. 

[0056] Respective flanges 26 extend outward in the 
Y-direction from the longitudinal "lower" edges of the X- 
slider 25'. Each flange 26 defines a respective screw 
hole 26a substantially at the center of the flange 26. By 
these holes the fine-movement table (not shown, but 
similar to the fine-movement table 34 associated with 
the fine-movement stage 30 in the first representative 
embodiment) is secured to the flanges 26. 
[0057] In this embodiment the fine-movement stage 
30 can be moved and positioned in the X-direction or Y- 
direction without generating any significant magnetic- 
field fluctuation. This stability is achieved by use of an 
X-Y coarse-movement stage 2' that employs ultrasonic 
actuators 28', 16' for achieving "coarse" movements of 
the fine-movement stage 30. The wafer W, in turn, is 
positioned accurately by driving the fine-movement 
stage 30, mounted to the coarse-movement stage 2', in 
the six available degrees of freedom in the manner de- 
scribed above regarding the first representative embod- 
iment. 

Third Representative Embodiment of Stage Device 

[0058] Certain components of a stage device accord- 
ing to this embodiment are depicted in FIG. 6. Specifi- 
cally, FIG. 6 shows a fine-movement stage 30' (having 
six degrees of freedom of motion) utilizing a parallel-link- 
age mechanism for driving a fine-movement table 34* 
(desirably having a triangular profile) relative to an X- 
slider 25. The X-slider 25 is engaged with a moving 
guide 21 in the same manner as described in the first 
representative embodiment. Mounted to the X-slider 25 
is the fine-movement stage 30'. 

[0059] In this embodiment a first actuator-mounting 
plate 77a and a second actuator-mounting plate 77b are 
mounted to the "top" surface of the X-slider 25. Two pi- 
ezo-actuators 71 , 72 are rotatably coupled to the first 
actuator-mounting plate 77a by respective spherical 
bearings (not shown). Four piezo-actuators 73, 74, 75, 
76 are rotatably coupled to the second actuator-mount- 
ing plate 77b by respective spherical bearings (not 
shown). The piezo-actuators 71 and 76 are parallel to 
each other, the piezo-actuators 72 and 75 are parallel 
to each other, and the piezo-actuators 73 and 74 are 
parallel to each other. Hence, each pair of piezo-actua- 
tors constitutes a respective parallel-linkage mecha- 



nism for the fine-movement table 34' supported thereby. 
The fine-movement table 34' (shown by "imaginary M 
lines) is secured to the "upper" ends of the six piezo- 
actuators 71-76 by respective spherical bearings (not 

5 shown). Thus, the fine-movement table 34' is movable 
with six degrees of freedom (X, Y, Z, 6 X , G Y , 6 Z ) by se- 
lectively extending or shortening the six piezo-actuators 
71-76 relative to each other. Although not shown in FIG. 
6, multiple capacitance-type position sensors {as de- 

10 scribed in the first representative embodiment) are 
placed strategically in the vicinity of the fine-movement 
table 34' for measuring the position of the fine-move- 
ment table 34\ 

[0060] In this embodiment, the parallel-linkage mech- 
15 anism of the actuators for moving the fine-movement 
stage 30' allow the fine-movement table to be driven 
with great stability at high velocity. 

Fourth Representative Embodiment of Stage Device 

20 

[0061] A stage device according to this embodiment 
is depicted in FIG. 7, showing an X-Y coarse-movement 
stage mounted on abase 136. In the coarse-movement 
stage of this embodiment, two parallel linear motors pro- 

25 vide motion in the Y-direction and an air cylinder pro- 
vides motion in the X-direction. An elevational section 
of a linear motor as used in this embodiment is shown 
in FIG. 8. Specifically, the X-Y coarse-movement stage 
in this embodiment is a so-called H-type stage that per- 

30 forms continuous scanning in the Y-direction by actua- 
tion of the two linear motors and performs stepwise mo- 
tion by actuation of the air cylinder. 
[0062] Referring furtherto FIG. 7, two fixed guides 86, 
each extending parallel to each other in the Y-direction, 

35 are secured at respective locations on the upstream- 
facing surface of the base 136 by respective guide- 
mounting members 85. Each of these two fixed guides 
86 and their peripheral members are configured in ba- 
sically the same way. A respective hollow-box-shaped 

40 Y-slider 87 is engaged with each fixed guide 86 in a man- 
ner allowing the Y-sliders 87 to slide along their respec- 
tive fixed guides in the Y-direction. Such sliding is 
achieved with substantially zero friction by means of re- 
spective air bearings (including air pads 51 ; see FIG. 2). 

45 The air bearings (including guard rings) in this embodi- 
ment are situated on the respective "upper" and "lower" 
surfaces and on both the inwardly and outwardly facing 
side surfaces of the Y-sliders 87. Respective conduits 
for supplying air to the air bearings and for exhausting 

so air from the bearings are defined in the fixed guides 86. 
[0063] Turning to FIG. 8, attached to the outwardly 
facing side surface of each Y-slider 87 is a respective 
mounting plate 81 having a defined thickness. Two coil- 
mounting members 82 are mounted parallel to each oth- 

55 er in the Y-direction on the mounting plate 81 . Each coil- 
mounting member 82 has a T-shaped transverse sec- 
tion, of which the stem of the "T" extends in the X-direc- 
tion. Thus : the T-stems of the coil-mounting members 
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82 of opposing Y-sliders 87 extend toward each other 
from the inwardly facing surface of the respective 
mounting plate 81 . Attached to the stem of each coil- 
mounting member is a respective rectangular plate- 
shaped actuator coil 89 (see FIG. 8) extending further 
in the X direction from the respective coil-mounting 
member 82. 

[0064] Surrounding each actuator coil 89 on three 
sides is a respective stator 83, with a gap defined be- 
tween the stator 83 and the actuator coil 89 on all thVee 
sides. Thus, in the section shown in FIG. 8, each stator 

83 has a "C "-shaped profile (defining a respective 
groove 83a), and the respective coil-mounting member 
82 with actuator coil 89 has a "H"-shaped profile, of 
which the stem is nearly fully inserted into the respective 
groove 83a. Note that the opening in the groove 83a fac- 
es outwardly in the X-direction. Each stator 83 is con- 
figured with a series of permanent magnets (e.g., Nd- 
Fe-B magnets) arranged with SNSNS alternating polar- 
ity along the Y-direction length of the stator. Referring 
further to FIG. 8, the ends (in the Y-direction) of each 
stator 83 are mounted to respective stator-mounting 
members 84, which also have a"E"-shaped profile in the 
section shown in the figure. The stator-mounting mem- 
bers 84 collectively secure the stators 83 to the base 
136. 

[0065] With the respective actuator coils 89 inserted 
into their respective grooves 83a, the actuator coils 89 
and respective stators 83 comprise respective linear 
motors 88 for driving the Y-sliders 87 in the Y-direction 
along the respective fixed guide 86. With respect to each 
slider, the driving forces of the respective linear motors 
88 above and below the Y-slider 87 are applied collec- 
tively at the center-of-gravity of the Y-slider 87. Applying 
the driving force to the center-of-gravity of each Y-slider 
87 in this manner provides highly accurate positional 
control of the stage device, even when the stage device 
is driven at high velocity. 

[0066] Similarto the embodiment shown in FIG. 1 , the 
embodiment of FIG. 7 includes a moving guide 21 that 
is attached to and that extends in the X-direction be- 
tween the Y-sliders 87. A hollow-box-shaped X-slider 25 
is engaged with the moving guide 21 in a manner allow- 
ing the X-slider 25 to slide along the moving guide 21 in 
the X-direction. Such sliding is achieved with substan- 
tially zero friction by means of air bearings (including air 
pads 51 ; see FIG 2). The X-slider 25 in association with 
its moving guide 21 defines a respective air cylinder 28 
(discussed above with reference to FIG. 2), thereby ac- 
tuating the X-slider 25 to move in the X-direction relative 
to the moving guide 21 . 

[0067] Respective flanges 26 extend outward in the 
Y-direction from the longitudinal "lower" edges of the X- 
slider 25. Each flange 26 defines respective screw holes 
26a substantially at the center of the flange 26, by which 
holes the fine-movement stage 30 is secured to the 
flanges 26. 



Representative Embodiment of Velocity-Control 

[0068] A block diagram of a representative embodi- 
ment of a velocity-control system for a stage device, 

5 such as the stage-device embodiment of FIG. 7, is de- 
picted in FIG. 9. The FIG. -9 embodiment is described in 
the context of being used for controlling the movement 
velocity of the linear motors 88, the air cylinder 28, and 
other mechanical systems of the stage device. 

10 [0069] Shown in sequence in the drive system of the 
linear motor 88 are a first "(PJID" (proportional integral 
derivative) controller 88a, a first-order delay element 
88b of the linear-motor amplifier, and a first proportional 
element Kf. If the proportional element (P) of the first (P) 

15 id controller 88a is set to be relatively small, and the 
corresponding integral (I) and derivative (D) elements 
(having strong compensation) are set to be relatively 
large, then fine positional control of the linear motor 88 
can be achieved. Such control is useful for achieving 

20 scan-velocity control and step-positioning control during 
exposure. In addition, a feedback loop is provided in the 
first-order delay element 88b by means of the propor- 
tional element K1 . This feedback loop allows more ac- 
curate positional control of the linear motor 88. 

25 [0070] Referring furtherto FIG. 9, a drive-system con- 
troller for the air cylinder 28 is shown, comprising (in se- 
quence) a second (P)ID controller 28a, a valve-amplifi- 
er-delay element 28b, and an air-valve-delay element 
28c. The elements 28b, 28c are first-order delay ele- 

30 ments for opening and closing of the air valve and for 
pressure propagation from the valve to the air cylinder 
28. If the proportional element (P) of the second (P)lD 
controller 28a is set to be relatively large, and the cor- 
responding integral (I) and derivative (D) elements are 

35 set to be relatively small, then deviations of the actual 
velocity (at which the air cylinder is driven) from the tar- 
get velocity can be eliminated very quickly. Such control 
is useful during stage acceleration. In addition, a feed- 
back loop is provided in the first-order lag element 28b 

40 by means of the proportional element K2. This feedback 
loop allows more accurate positional control of the air 
cylinder 28. 

[0071] Also shown in FIG. 9 is the mechanical system 
of the stage device. The mechanical system comprises, 
45 in sequence, an inertial subsystem 92a, an accelera- 
tion-integration subsystem 92b, and a velocity-integ ra- 
tion subsystem 92c. 

[0072] in FIG. 9, a target velocity V_com, output from 
the computer controlling the microlithography system, 

50 enters at the left of the block diagram. The target-veloc- 
ity V_com input to the block diagram passes a junction 
91a and is transmitted to both the motor-drive system 
(for the linear motor 88) and the air-cylinder-drive sys- 
tem (for the air cylinder 28). In response to V_com, re- 

55 spective control data Fm, Fc are output from the motor- 
drive system and the air-cylinder-drive system, respec- 
tively. The control data Fm, Fc are added together at 
junction 91 b and input to the mechanical system of the 
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stage device. Note that external disturbances (e.g., 
electrical resistance in wiring, vibration, and stage-reac- 
tion forces) also are added at the junction 91b. The ve- 
locity value V_act output from the acceleration-integra- 
tion subsystem 92b of the stage mechanical system is 
fed back to the junction 91a. 

[0073] As described above : in this embodiment, it is 
possible to achieve a hybrid control that performs stage 
positioning that is faster and more accurate than con- 
ventionally. This is achieved by independently control- 
ling the respective drive systems of the linear motor 88 
and of the air cylinder 28 } and incorporating feedback 
control as shown and described above. 

Fifth Representative Embodiment of Stage Device 

[0074] A stage device 1 according to a fifth represent- 
ative embodiment is depicted in FIG. 10, showing an 
X-Y coarse-movement stage mounted on the base 136. 
In this embodiment the X-Y coarse-movement stage 
comprises an air cylinder used as an actuatorfor achiev- 
ing Y-direction motion and linear motors used as actu- 
ators for achieving X-direction motion. Specifically, this 
X-Y coarse-movement stage is a so-called "l-type" 
stage that performs controlled stepping motion of the 
stage using the two linear motors arranged in parallel 
and performs controlled scanning motions of the stage 
using an air cylinder. 

[0075] It will be noted that most of the X-Y coarse- 
movement stage of this embodiment is configured sim- 
ilarly to the coarse-movement stage shown in FIG. 7. 
However, in FIG. 1 0 the maximum available distance of 
motion in the scan axis (Y-axis) is longer, and the max- 
imum available distance of motion in the step axis (X- 
axis) also is longer. 

[0076] Two fixed guides 86', extending parallel to 
each other in the X-direction, are secured at respective 
locations on the upstream-facing surface of the base 
136 (see FIG. 4) by respective guide-mounting mem- 
bers 85'. Characteristic of an l-type stage, the two fixed 
guides 86' are shorter than the corresponding fixed 
guides 86 in the embodiment of FIG. 7. A respective hol- 
low-box-shaped X-slider 87' is engaged with each fixed 
guide 86' in a manner allowing the X-sliders 87' to slide 
along their respective fixed guides 86' in the X-direction. 
Such sliding is achieved with substantially zero friction 
by means of respective air bearings (including air pads 
51 ; see FIG. 2). Each X-slider 87' in association with its 
respective fixed guide 86' defines a respective linear 
motor 88' (see FIG. 8) by which the X-sliders 87' are 
driven together in the X-direction (i.e., along the scan 
axis). 

[0077] A moving guide 21 " is attached to and extends 
in the Y-direction between the X-sliders 87'. A hollow- 
box-shaped Y-slider 25" is engaged with the moving 
guide 21" in a manner allowing the Y-slider 25" to slide 
along the moving guide 21 " in the Y-direction . Such slid- 
ing is achieved with substantially zero friction by means 



of air bearings (including air pads 51 ; see FIG. 2). The 
Y-slider 25" in association with its moving guide 
21" define a respective air cylinder 28" (discussed 
above with respect to FIG. 2), thereby actuating the Y- 
5 slider 25" to move in the Y-direction (step axis) relative 
to the moving guide 21". 

[0078] Any of the stage devices described above can 
be mounted to a reticle stage 111 (see FIG. 4). In such 
a configuration, two moving guides 21 (FIG. 1) can be 
10 arranged in parallel, wherein the lithography beam 
passes between the moving guides. A cantiievered ta- 
ble can be extended toward the moving guides 21 for 
loading and unloading the reticle from the reticle stage. 

15 Microelectronic-Device Fabrication Process 

[0079] FIG. 1 1 is a flow chart of steps in an exemplary 
process for manufacturing a microelectronic device 
such as a semiconductor chip (e.g., an integrated circuit 

20 or LSI device), a display panel (e.g., liquid-crystal pan- 
el), charged-coupled device (CCD), thin-film magnetic 
head, micromachine, for example. In step S1 , the circuit 
for the device is designed. In step S2 a reticle ("mask") 
for the circuit is manufactured. In step S2, local resizing 

25 of pattern elements can be performed to correct for prox- 
imity effects or space-charge effects during exposure. 
In step S3, a wafer (substrate) is manufactured from a 
material such as silicon. 

[0080] Steps S4-S13 are directed to wafer-process- 

30 ing steps (described below), in which the circuit pattern 
defined on the reticle is transferred onto the wafer by 
microlithography. Steps S14-S16 are "post-process" 
steps. Specifically, step S14 is an assembly step in 
which the wafer that has been passed through steps 

35 S4-S13 is formed into semiconductor chips. This step 
can include, e.g., assembling the devices (dicing and 
bonding) and packaging (encapsulation of individual 
chips). Step S15 is an inspection step in which any of 
various operability, qualification, and durability tests of 

40 the device produced in step S14 are conducted. After- 
ward, devices that successfully pass step S15 are fin- 
ished, packaged, and shipped (step S16). 
[0081] Steps S4-S1 3 provide representative details of 
wafer processing. Step S4 is an oxidation step for oxi- 

45 dizing the surface of a wafer. Step S5 involves chemical 
vapor deposition (CVD) for forming an insulating film on 
the wafer surface. Step S6 is an electrode-forming step 
for forming electrodes on the wafer (typically by vapor 
deposition). Step S7 is an ion-implantation step for im- 

50 planting ions (e.g., dopant ions) into the wafer. Step S8 
involves application of a resist (exposure-sensitive ma- 
terial) to the wafer. Step S9 involves microlithographi- 
cally exposing the resist using a charged particle beam 
so as to imprint the resist with the reticle pattern of the 

55 reticle produced in step S2. In step S9, a CPB micro- 
lithography apparatus as described above can be used. 
Step S1 0 involves microlithographically exposing the re- 
sist using optical microlithography. This step also can 
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be performed using a reticle as produced in step S2. 
Also, during Step S10, an exposure can be performed 
(before, during, or after the pattern exposure) in a man- 
ner serving to correct proximity effects (e.g., normalizing 
backscattered electrons of the patterned beam). Step 5 
S11 involves developing the exposed resist on the wa- 
fer. Step S12 involves etching the wafer to remove ma- 
terial from areas where developed resist is absent. Step 
S13 involves resist separation (resist "stripping"), in 
which remaining resist on the wafer is removed after the 10 
etching step. By repeating steps S4-S13 as required, 
circuit patterns as defined by successive reticles are 
formed superposedly on the wafer. 
[0082] Whereas the invention has been described in 
the context of multiple representative embodiments, it *5 
will be understood that the invention is not limited to 
those embodiments. On the contrary, the invention is in- 
tended to encompass all modifications, alternatives, 
ana equivalents as may be included within the spirit and 
scope of the invention, as defined by the appended 20 
claims. 

Claims 

25 

1. A stage device for holding and moving an object in 
a space defined by an X-direction, a Y-direction,and 
a Z-direction that are mutually perpendicular to 
each other, the stage device comprising: 

30 

an X-Y coarse-movement stage portion com- 
prising a moving member and respective 
coarse-movement actuators situated and con- 
figured to move the moving member in an X-Y 
plane defined by the X-direction and the Y-di- 35 
rection; and 

a fine-movement stage portion, including a 
fine-movement table and a fine-movement ac- 
tuator system coupled to the fine-movement ta- 
ble, the fine-movement table being mounted on 40 
the moving member of the X-Y coarse-move- 
ment stage portion, the fine-movement actua- 
tor system being configured to move the fine- 
movement table relative to the X-Y coarse- 
movement stage portion in any of six degrees 
of freedom of motion including motion in the X- 
direction, the Y-direction : the Z-direction : an an- 
gle 6 X about an X-direction axis, an angle 6 Y 
about a Y-direction axis, and an angle 6 2 about 
a Z-direction axis. so 

2. The stage device of claim 1 , wherein each of the 
coarse-movement actuators is a respective air cyl- 
inder. 

55 

3. The stage device of claim 1, wherein each of the 
coarse-movement actuators is a respective ultra- 
sonic actuator. 



4. The stage device of claim 1 , wherein each of the 
coarse-movement actuators is selected from the 
group consisting of air cylinders, ultrasonic actua- 
tors, and linear motors. 

5. The stage device of claim 1 , wherein the fine-move- 
ment actuator system comprises multiple piezo- 
electric actuators. 

6. The stage device of claim 1 , wherein the fine-move- 
ment table is supported relative to the moving mem- 
ber of the X-Y coarse-movement stage portion by 
the fine-movement actuator system. 

7. The stage device of claim 6, wherein the fine-move- 
ment actuator system comprises multiple piezo- 
electric actuators. 

8. The stage device of claim 7, wherein the fine-move- 
ment table has three corners each supported by a 
respective pair of piezo-electric actuators extending 
from the respective corner to the moving member 
of the X-Y coarse-movement stage portion. 

9. The stage device of claim 8, wherein one of the re- 
spective piezo-electric actuators on each corner is 
parallel to one of the respective piezo-electric actu- 
ators on another of the comers. 

1 0. The stage device of claim 1 , wherein the fine-move- 
ment table is supported relative to the moving mem- 
ber of the X-Y coarse-movement stage portion by 
the fine-movement actuator system that comprises 
a parallel-linkage mechanism. 

11. The stage device of claim 10, wherein: 

the parallel-linkage mechanism comprises at 
least three pairs of fine-movement actuators 
extending from respective locations on the fine- 
movement table to the moving member of the 
X-Y coarse-movement stage portion; and 
one of the respective fine-movement actuators 
at each location is parallel to one of the respec- 
tive fine-movement actuators at another of the 
locations. 

12. The stage device of claim 11, wherein the fine- 
movement actuators are piezo-electric actuators. 

13. The stage device of claim 1 , wherein: 

the fine-movement table has first, second, and 
third comers; 

the fine-movement table is supported at each 
corner relative to the moving member of the X-Y 
coarse-movement stage portion; 
extending from each comer on the fine-move- 
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ment table to the moving member of the coarse- 
movement stage portion are two respective 
fine-movement piezo-actuators of the fine- 
movement actuator system; and 
one of the respective fine-movement piezo- 
electric actuators at each corner is parallel to 
one of the respective fine-movement piezo- 
electric actuators at another of the corners. 

14. The stage device of claim 1, wherein the X-Y 
coarse-movement stage portion comprises: 

two fixed guides extending parallel to each oth- 
er in a first direction within the X-Y plane, each 
fixed guide having a respective first slider that 
is slidable relative to the fixed guide as guided 
by the respective fixed guide; 
a respective coarse-movement drive mecha- 
nism associated with each of the first sliders 
and configured to cause motion of the respec- 
tive first slider relative to the respective fixed 
guide; 

a moving guide attached to both first sliders and 
extending in a second direction from one first 
slider to the other; 

a second slider that is slidable relative to the 
moving guide as guided by the moving guide; 
and 

a coarse-movement drive mechanism associ- 
ated with the second slider and configured to 
cause motion of the second slider relative to the 
moving guide; 

wherein the coarse-movement drive mecha- 
nisms associated with the first sliders are respective 
linear motors, and the coarse-movement drive 
mechanism associated with the second slider is a 
non-electromagnetic actuator. 

15. The stage apparatus of claim 14, wherein: 

the X-Y coarse-movement stage portion is an 

H-type stage configuration; 

the first sliders slide along their respective fixed 

guides in a direction parallel to a scan axis of 

the stage apparatus; and 

the second slider slides along its moving guide 

in a direction parallel to a step axis of the stage 

apparatus. 

16. The stage device of claim 14, wherein: 

the X-Y coarse-movement stage portion is an 

l-type stage configuration; 

the first sliders slide along their respective fixed 

guides in a direction parallel to a step axis of 

the stage apparatus; and 

the second slider slides along its moving guide 
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in a direction parallel to a scan axis of the stage 
apparatus. 

17. The stage device of claim 1 . configured as a reticle 
stage or substrate stage for use in a microlithogra- 
phy apparatus. 

18. The stage device of claim 1 4, configured as a reticle 
stage or substrate stage for use in a microlithogra- 
phy apparatus. 

19. A microlithography apparatus, comprising: 

a reticle stage situated and configured to hold 
a pattern-defining reticle; 
an illumination-optical system situated optically 
upstream of the reticle stage and configured to 
direct an energy beam to a region of the reticle 
so as to illuminate the region; 
a substrate stage situated optically down- 
stream of the reticle stage and configured to 
hold a sensitive substrate to which the reticle 
pattern is to be transferred; and 
a projection-optical system situated between 
the reticle stage and the substrate stage and 
configured to project ion -expose the energy 
beam, that has passed through or reflected 
from the illuminated region on the reticle, onto 
a corresponding region on the sensitive sub- 
strate; 

wherein at least one of the reticle stage and 
substrate stage is a stage device as recited in claim 
1. 

20. A microlithography apparatus, comprising: 

a reticle stage situated and configured to hold 
a pattern-defining reticle; 
an illumination-optical system situated up- 
stream of the reticle stage and configured to di- 
rect an energy beam to a region of the reticle 
so as to illuminate the region; 
a substrate stage situated downstream of the 
reticle stage and configured to hold a sensitive 
substrate to which the reticle pattern is to be 
transferred; and 

a projection-optical system situated between 
the reticle stage and the substrate stage and 
configured to projection-expose the energy 
beam, that has passed through or reflected 
from the illuminated region on the reticle, onto 
a corresponding region on the sensitive sub- 
strate; 

wherein at least one of the reticle stage and 
substrate stage is a stage device as recited in claim 
14. 
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21. A charged-particle-bearn microlithography system, 
comprising at least one stage device as recited in 
claim 1 . 

22. A charged-particle-beam microlithography system, 5 
comprising at least one stage device as recited in 
claim 14. 

23. A method for fabricating a microelectronic device, 
comprising a microlithography step performed us- 10 
ing a microlithography apparatus as recited in claim 

19. 

24. A method for fabricating a microelectronic device, 
comprising a microlithography step performed us- is 
ing a microlithography apparatus as recited in claim 

20. 
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